Research 1n Journal of Engineering, Volume 1, Number 2, December 201 


Indian Journal of 


Engineering 


Performance study of domestic refrigerator using propane — butane 
as mixed refrigerant 


Austin Nt, Senthilkumar P?, Kanthavelkumaran N° 


|. Research Scholar, Deparment of Mechanical, Sathysbama Unwarsty, Chennai, Taminad, India, E-mail: austinmdmk@yahoo.coin 
2 Professor, Depariment of Mechanical Engineering, KSA Colege of Engineering & Technology, Thiucenkode, Tamil Nad, India 
8. AstocateProtessor, Deparment of Mech. Engg. Arunachala Collage of Engg. For Women, Nagel, Tamil Nadu, Ina, E-mail: kanthavlpriya@yahoo. com 


Received 28 October: accepted 22 November: published enine 01 December: printed 16 December 2012 


ABSTRACT 


Domestic retigerator designed to work with R-124a was used as associat investigation unt fo assess the prospect of exploitation mixed retrgerants. The 
recital of the retrgeratorexplotaion mixed rerigerant was investigated and compared wih the performance of religerator once R-134a was used as 
‘elrgerant, The eaul of condenses temperature and evaporator temperature on COP, rerigeraling result was calculated. The energy cansumplin ol the 
felrigerator thoughout experiment with mixed refigarant and R-134a was measured. The resul shows the permanent running and eyeing results showed 
that 34a with a charge of 100 q or mixed refrigerant with charge of 80 mg or addtional sally the desired deep freazer air temperature of ~18 °C. Al 
time low electrical energy consumption was achieved viclimization mixed rergerant with heal level isa smaller amount than -180C. This mixture achieved 
higher volumetric cooling capaciy and lower Freezer al tomperalure compared to '134a. Experimenla reulls ol the domestic rerigeralar expoaion 
‘mixed ralrigeranl were comparing with those using Fi124a. During a final oulpul may be a foreelul change whereas employing a mixed relrigerant 
Compared with Rada, Ths is ollan an indiealion of highee perlormanee of mixed relrgarant ag relngerants. Once the results obtain during this 
‘experiment, it had been show a positive clue of using mixed refrigerant as retrigerants in domestic relrigerato. 
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1. INTRODUCTION 


Res spoilage from bacterial growth and other processes is much 
slower at low temperatures, Normal rest was disseminated and used in both commercial and domicile application inthe mile-1800s to rergerate food, 
The suggestion thal cold could be produced by the forced evaporation of a Impulsive lquid under reduced pressure had been previously pursued by 
Witam Cullen in the eighteenth century. rargerator is a cooling applance comprising @ thermally insulated screened-off area and a heat pump 
flemen! or peclunctory means - to ansler heat from ito the exlernal almosphere cooling the canlents loa temperature below ambient. An apparalus 
{escrbed as a “elrgerator” maintain a temperatura a slight degrees above the treezing point of wale, a similar deviee which mainiain a temperature 
blow the freezing pont of water is called a “ieezer.” The religeralar i a larly madaen Invention amang klchen appliances. I replaced the leebox, which 
hhad been a common domestic appliance for almost a century and a half eater. 

Chioratluoracarbons (CFCs) and hydro ehlorlluoracarbons (HCFCs) have many sulable properties, lor example, non flammability, low toxicity and 

al compatiblity that have led ta the common widespread use by both consumers and industiae araund the world, especialy as refrigerants in air 
Cnstoning and refgeraling systems. Results rom many researches show that his ozone layer Is being depleted. The general consensus for the cause 
this event is thal ire chlorine radials remove ozone from the almasphare, and laler, chiorine aloms continue fo convert mare ozane to oxygen. The 
presence ol chlorine in the stratosphere is the resul of the migration of chlorine containing chemicals. The chlerolueracarbons (CFCs) and hydro 
Chlorfiuorecarbons (HCFCs) are a large class of chemicals that behave in this manner (Rademacher and Kim, 1995, Akash and Sad, 2002), 

Hydrocarbon forthe most part propane, butane and isobutene are proposed as an environment benign reltigaan. Hydrocarbons are free rom azone 
depletion potential and have negigle global warming potential. Lee and Su (2002) conducted an experiment study on the use of isabutene as relrigerant 
In domestic retigerator. The performance was comparable with those of CFG-12 and HCFC-22 was used as refrigerant 

Marketable ridge and freezer unis, which go by many olher names, were in use for almost 40 years prior ta the commen home madels. They used 
roxious gas eysteme, which accasionally leaked, making them unsafe for home use. Practical household refrigerators were introduced in 1916 and gained 
wider aceeplance In'the United Slates In the 1920s a prices fel and non taxi, non llammabie synihete relrigerants such as Freon or R12 were 
Introduced. Ii notable that while 60% of hausehalds in the US owned a ralrgeralor by the 1990s, was nat unt 40 years later, inthe 1970s, thal the 
falrgerator achieved a similar vel ol penetration inthe UK. 

Relrigerant selection valves balancing conflicting requrement such as: ably to transter heat, chemical stably, and compatiblity with compressor 
lubricants, lammabiy, and toxicity. Akash and Said (2003) studied the performance of mixed rerigarant trom local market (30%propane, 85% n-butane 
And 15% isobutane by mass) as an allemalive relrigerant far CFC-12 in domestic refigeatoe with masses of §0g, 80g and 100g. The resull showed thal a 
‘maze charge ol 8g gave the best perlormance. Selenlist and researcher are searching the enviranment benign refrigerant for the domestic raligerator 
and treezer. Finally we decide to choose the mixed rligerant as an alemate source ol HFC-134, 


2. EXPERIMENTAL SETUP & TEST PROCEDURE 


‘This section provides a description othe facilities develaped for conducting experimental work on a domestic retigerator. The technique of charging and 
evacuation the system is also discussed here. Experimental dala collecion was cared out in the research laboratory of our Insttuton. The 


fexperimenial gelup ofthe lest uni and apparatus i shown in the Fig 
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Figure 1 


‘Schematic Gagram ofthe ivesigaton unt and apparatae 


2.1. Experimental Style 
‘The experimental setup of the household refrigerator used in the 
‘experiment is shown in Fig 1. The domestic refrigerator consist ofan 
‘evaporator, wire mesh air-cooled condenser and hermetcaly sealed 
eaprocaling compressor. The. 165 hte domestic religerator of 
tropical class orginally designed to work with HEI 34a was taken for 
this study. The retigrator was instrumented with one pressure gauge 
althe inlet ofthe compressor for measuring the suction pressure, ane 
Temperature Sensor mounted al inside the refigerator(reezer) 
compartment. As per the relrigerator manufactures recommendation 
{quantity of charge requirement for HFCT34a was 100g. In the 
‘experiment, refrigerant charge is 10% higher due fo the presence of 
Insuments ‘and connecting lines etc. To oplnize the mxed 
refrigerant charge, the religeraior is. charged with 80g. ‘The 
feligrator was charged wih 110 9 of HECT34a and the base line 
perlormance was studied Alter completing the base live test with 
HFC34a, the refigerant was recovered from the system ard charged 
With 80g of mixed reigerant and the pertormance was studied. The 
‘efigorant charge requirement with hyérocarbon is very smal due to 
thei higher lant heat of vaporization. During the experimentation the 
lmaspherc is maintained al 26 + 2°, The experimental procedures 
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wore repeated and take the reading fom the various modes of diferent loading conditions. Specialy, we conduct the investigation Is purely based on the 
Vegetable and chicken in 0.5 and 1kg load factor. Service port is insaled atthe inlet ol expansion valve and compressor for charging and recavering the 
‘alngerant w shown in Figure, Digital Temperature Inleator was used la measure the inside Ireezer temperature for this research. 


2.2. Investigation Procedure 


‘The system was evacuated with the help ol vacuum pump to remove the moisture and charged with the help of charging system. The temperature inside 
the chamber was maintained at 25°C and 28°C. When the temperature and humidity inside the chamber was al steady stale, the experiments were 
sarted. The experiment has been canducted en the domestic relgerator al ne load and load condtion. 
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3. RESULTS AND DISCUSSION 

From this section the comparison of the performance parameter of the relrgerants and energy consumption by the rotigerator was discussed this 
Investigation deals with mixed refrigerant (hydrocarbon mixtures of propane, butane and Isobutane) in order to assess their feasibly for repiacing HFC- 
‘1a in erigeration systems by comparing thir relevant parameters. 

“The ralngerating alfect isthe main purposes ol the relrigeration system. The liquid reftigerant a low pressure side enters the evaporator As the liquid 
rafrigerant passes through he evaporator call t continually absorbs heal through the coll wals, from the medium being cooled. During this, the eligerant 
Continues to bol and evaporate. Finally the entire refogerants have evaporated and only vapor refgerant remains in the evaparator col. The iquid 
refrigerant stil colder than the medium being caoled, therefore the vapor rerigerans continue to absorb heat. The experiment was performed an the 
‘domestic refrigerator purchased from the maiket, the components of the reltigorator was nol changed or modified. Ths indicates the possibly of using 
mixed religerant as an alternative of HEC-134a in the existing relrigerator system. Freezer temperature was measured at the diferent time interval and 
algo observed the lowest temperature leva 

Fig.2 shows the observed values for A134a and mixed refrigerant al no load condition. Far this observallon temperalure level reach up to -18°C, 
34a and mixed retigerant take same time limit. But -20°C and -22°C, Mixed refrigerant gives better performance compare to sole (R134a) relrigerant 

Fig shows the observed values for R134a at diferent load condition. 2. 05k, 1 kg Chicken and 0.5kg, 1 kg vagolabes. Far this observation. 
0.5kg vegetable reach -180C during a shor period af 12 minute. But, 1 kg chicken can take maximum time of 23 minutes 1a reach -18:C. Supported the 
higher than graph, we tend fo observe vegetables is suddenly reaching the most (effective) cooing etfec. When loading the chicken lowest temperature 
was observed in maximum time. 

Fig.t shows the observed values for mixed relrigerants at diferent load condition. Le. 0.5k9, 1 kg Chicken and 0.5kg, 1 kg vegetables. For this 
‘observation, 0.5kg vegetable and ‘kg chicken reach -18*C in a short duraion el 17 minute, Based Gn the above graph, a smart observation was found In 
the loading of vegetables and chicken al the up and down the cooling elect. 

Fig shows the observed values for R134a and mixed reigerants al liferent load condition. ie. .5kg, 1 kg Chicken and 0.6k9, 1 kg vegetables. 
For thie observation, 0.5kq vegetable reach -18°C in a short duration of 12 minute for Ri124a Using Fi34a, 1 kg chicken wil lake maximum time ol 23 
minutes to reach -18°C. Al the same time the involvement of moced rerigarant kg of chicken reaches -18C in duration of 18minutes. Based on the 
Above graph, we observe a drasle change of while using a mixed refrigerant compared with R34a, 


4. CONCLUSION 
This project endowed associate ozone friendly, energy economical, user friendly, safe and cost-eicient diferent retigerant for HEC194a in domestic 
ralnigeration systems. Once the trpl-crown investigation onthe performance of mixed refigerans the subsequent conclusions are olen drawn supported 
the resus obtained. This experimental investigation allotted to work out the performance of domestic white goods once a propane/butane mixture ts 
‘employed as a potential replacement to the normal refigerant AYG4a. The domestic white goods Were charged with 140g of HFC-134a and 0g of mixed 
felrgerant. Supported the higher than graphs, amendment observes forceful madileation whereas employing a mixed relrigerant compared wih R134a. 
This can be a sgn of higher performance of mited retigerant as rtigerans. The subsequent conclusions may be may be from our investigation 

1. Every mode of mixed rtigerant yields higher performance of cooing effect whereas compared with RI34a, 

2. Using the mixed religorant in domestic rotngerator, we have a tendency fo be we the deep freazer temperature loss than that of the R134 

3. sensible observation was found within the lading of vegetables and chicken at the up and down the cooling result, because chicken was taken to 

‘succeed in time fo achieve alime low temperature, 
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